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ABSTRACT 
The Energy f i a t  I f  T o o l  (EWIT) program developed by t h e  New Mexico f i r m  of Area. Inc. ,  o f f e r s  a r c h i t e c t s  
and environmental d e s i g n e r s  a  new and v i a b l e  means t o  model t h e  energy performance of  t h e i r  b u i l d i n g  des igns  
whi le  i n  t h e  schematic  phase by means of a  persona l  computer. Prev ious ly  t h e  on ly  way t h a t  such  d a t a  could 
be ob ta ined  was by purchas ing  time on mainframe systems t o  run such programs a s  BLAST o r  DOE 11. EWIT, 
however, is a program designed s p e c i f i c a l l y  t o  be  run  on t h e  IBM p e r s o n a l  compurer; a  machine w e l l  w i t h i n  
t h e  means f i n a n c i a l l y  of even t h e  most modest o f f i c e .  The program y i e l d s  d a t a  proven a c c u r a t e  t o  w i t h i n  
80-90% of  t h e  aforementioned BLAST and DOE I1 mainframe programs. 
The purpose of t h i s  r e s e a r c h  e f f o r t  i s  t o  i n v e s t i g a t e  EWIT's p o t e n t i a l  a s  a t o o l  f o r  e v a l u a t i n g  r e t r o -  
f i t  o p t i o n s  f o r  e x i s t i n g  commercial b u i l d i n g e .  To ach ieve  t h i s  goa l  two c a s e  b u i l d i n g s  i n  t h e  Denver a r e a  
were analyzed by means of t h e  EWIT program. The f i r s t  b u i l d i n g  i s  a one s t o r y  s t r u c t u r e  of  10.000 square  
f e e t  i n  f l o o r  a r e a  w h i l e  t h e  second i s  a h i - r i s e  o f f i c e  b u i l d i n g  of almost  a  m i l l i o n  square  f e e t .  The goa l  o f  
t h e  p r o j e c t  i s  t o  produce a  documented procedure f o r  u t i l i z i n g  EWIT i n  r e t r o f i t  a p p l i c a t i o n s  and i n  t h e  
p rocess  develop VISICALC f i n a n c i a l  t empla tes  t h a t  can be i n t e g r a t e d  w i t h  t h e  o u t p u t  from EWIT which would 
provide a  comparat ive economic b a s i s  where t h e  m e r i t s  o r  shortcomings of  v a r i o u s  r e t r o f i t  o p t i o n s  can b e  
qu ick ly  determined. While t h e  above two c a s e  s t u d i e s  were conducted,  space  l i m i t a t i o n s  would a l l o w  o n l y  t h e  
f i n d i n g s  f o r  t h e  s m a l l e r  s t r u c t u r e  [day c a r e  c e n t e r )  t o  be  publ ished i n  t h e s e  proceed ings .  However, t h i s  
c a s e  s tudy  does  p r e s e n t  a  comprehensive p i c t u r e  of  t h e  EWIT r e t r o f i t  a n a l y s i s  and i t s  p o t e n t i a l  t o  a r c h i -  
t e c t s  and des igners .  
BASIC PRINCIPLES AND OPERATIONS OF THE EWIT PROGRAM 
EWIT is s machine language program w r i t t e n  f o r  
use  e x c l u s i v e l y  on t h e  IBM persona l  computer. I t  
r e q u i r e s  up t o  120 p i e c e s  of i n p u t  d a t a  r e g a r d i n g  
t h e  b u i l d i n g  under s tudy a s  w e l l  a s  environmental  
f a c t o r s ,  occupant in format ion ,  and mechanical sys-  
tems. The u s e r  must supply c e r t a i n  cli-  
mat ic  d a t a  t o  Area, Inc .  who, f o r  a  moderate charge.  
w i l l  develop a weather  f i l e  f o r  t h e  l o c a t i o n  of t h e  
bu i ld ing  s i t e .  T h i s  weather f i l e  i s  then imple- 
mented e a s i l y  i n t o  t h e  main program where it i s  
u t i l i z e d  dur ing  t h e  c a l c u l a t i o n  phase of  t h e  pro- 
gram's execu t ion .  
The program h a s  t h r e e  main o p e r a t i o n s :  1) 
b u i l d i n g  f i l e  c r e a t i o n ,  2)  c a l c u l a t i o n ,  and 3) d a t a  
p l o t .  When i n i t i a l l y  implementing EWIT i n  t h e  
i n v e s t i g a t i o n  of a p a r t i c u l a r  b u i l d i n g ,  t h e  above 
mentioned i n p u t  d a t a  is  e n t e r e d  i n t o  t h e  computer 
where a  "base-building" f i l e  i s  c r e a t e d .  The com- 
p u t e r  then performs a  s i m u l a t i o n  of  t h e  b u i l d i n g ' s  
energy performance over  a  y e a r ' s  time. T h i s  simula- 
t i o n  can be executed e i t h e r  on a  s e a s o n a l  o r  monthly 
b a s i s  depending on t h e  u s e r ' s  p r e f e r e n c e  and 
r e q u i r e s  from 3-5 minutes  of c a l c u l a t i o n  t i m e .  The 
program ach ieves  t h e  t a s k  o f  modeling t h e  perform- 
ance of t h e  b u i l d i n g  by c a l c u l a t i n g  t h e  energy l o a d s  
f o r  an "average" f o u r  days  f o r  each month o r  i n  t h e  
c a s e  of  t h e  s e a s o n a l  op t ion .  f o u r  days from one 
month of each season.  T h i s  c a l c u l a t i o n  o p e r a t i o n  
y i e l d s  h e a t i n g  and cool ing  l o a d s  a s  w e l l  a s  BTU 
o u t p u t  produced by l i g h t s ,  a p p l i a n c e s ,  occupants .  
s o l a r  g a i n ,  and conductance by t h e  b u i l d i n g ' s  s k i n .  
The f i n a l  o p e r a t i o n  by EWIT i n v o l v e s  t h e  pro- 
gram's e x t e n s i v e  g r a p h i c s  p l o t t i n g  c a p a b i l i t y .  Any 
t h r e e  o f  twenty-seven d i f f e r e n t  v a r i a b l e s  can b e  
p l o t t e d  over  a  f o u r  season  per iod  showing peak BTU 
magnitude on a  24 hour b a s i s .  Thus t h e  
d e s i g n e r  can  s t u d y  i n d i v i d u a l  f a c t o r s  i n  a  format 
t h a t  r e n d e r s  s i g n i f i c a n t  r e l a t i o n s h i p s  more r e a d i l y  
i d e n t i f i a b l e  than i n  numeric form. For  example, a  
p l o t  of a l lowable  h e a t  g a i n ,  h e a t  l o s s ,  and a u x i l i a r y  
l o a d s  would r e v e a l  t h e  need f o r  a d d i t i o n a l  h e a t i n g  
o r  c o o l i n g  and show t h e  impact o f  d i f f e r e n t  themo- 
s t a t  s e t t i n g s .  
ADAPTATION OF EWIT FOR RETROFIT STUDY 
A s  i t  was s t a t e d  e a r l i e r ,  t h e  primary t h r u s t  
of t h i s  r e s e a r c h  e f f o r t  i s  t o  e x p l o r e  EWIT's capa- 
b i l i t y  a s  a  means of e v a l u a t i n g  r e t r o f i t  o p t i o n s  
f o r  e x i s t i n g  commercial b u i l d i n g s .  The p r o c e s s  f o r  
u s i n g  t h e  program i n  a r e t r o f i t  mode involves  s t e p s  
t h a t  d i f f e r  s u b s t a n t i a l l y  from t h e  convent iona l  pro- 
c e s s  fol lowed f o r  schemat ic  design.  When s t u d y i n g  
a  b u i l d i n g  f o r  p o s s i b l e  r e t r o f i t  m o d i f i c a t i o n s ,  a  
weather  F i l e  based on a  s p e c i f i c  year  must be com- 
p i l e d  t o  be  i n s t i t u t e d  i n t o  t h e  main program. To 
c r e a t e  t h i s  f i l e ,  t h e  programmers a t  Area. Inc. ,  re-  
q u i r e  weather  d a t e  c o n s i s t i n g  of  t h e  average  minimum 
and maximum wet b u l b  and d r y  bu lb  tempera tures  f o r  
each month of  t h e  same year .  T h i s  can 
be  a fo rmidable  under tak ing  a s  many wea ther  agenc ies  
a r e  geared toward prov id ing  c l i m a t i c  d a t a  t h a t  i s  
in tended  mainly f o r  a i r  and nava l  t r a v e l .  Even 
i n s t i t u t i o n s  such a s  t h e  S o l a r  Energy Research 
I n s t i t u t e  o r  t h e  N a t i o n a l  Cente r  f o r  C l i m a t i c  
Research w i l l  be  hard  p r e s s e d  t o  have d a t a  such a s  
s o l a r  i n s o l a t i o n  s t a t i s t i c s  r e a d i l y  a v a i l a b l e .  AB 
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a  l a s t  r e s o r t  t h e  Nationnl  Cl imat ic  Cente r  i n  
Ashevi l l e ,  N.C. w i l l  have a l l  e s s e n t i a l  d a t a  on hand 
s t o r e d  on computer tape.  
The nex t  s t e p  i n  a  r e t r o f i t t i n g  e v a l u a t i o n  
us ing  EWIT is  t o  o b t a i n  a s - b u i l t  c o n s t r u c t i o n  draw- 
ings  of  t h e  b u i l d i n g  i n  q u e s t i o n .  Drawings showing 
f l o o r  plans.  e l e v a t i o n s .  and wal l / roof  s e c t i o n s  a s  
they e x i s t  i n  r e a l i t y  a r e  e s s e n t i a l .  One must 
a l s o  o b t a i n  a  complete s e t  of u t i l i t y  records  of  
t h e  b u i l d i n g  f o r  t h e  year  under s tudy .  The b u i l d -  
i n g ' s  management must be interviewed t o  determine 
day and n i g h t  thermos ta t  s e t t i n g s ,  and whether o r  
n o t  an economizer-cycle and /or  a  computer energy 
management system is used i n  t h e  bu i ld ing .  I n  
a d d i t i o n ,  t h e  p l a n t  management can  g i v e  important  
f a c t s  on t h e  HAVC system inc lud ing  system e f f i c i e n c y  
and c o e f f i c i e n t  of performance; f a c t o r s  c r i t i c a l  t o  
t h e  success  of t h e  e v a l u a t i o n .  The u s e r s  of t h e  
b u i l d i n g  must a l s o  be in te rv iewed  t o  de te rmine  hours  
of b u i l d i n g  u s e  a s  w e l l  a s  g e n e r a l  occupant p a t t e r n s .  
Such in format ion  might i n c l u d e  a f t e r - h o u r s  use  i n  
regards  t o  t h e  number of  personne l  p r e s e n t  i n  t h e  
s t r u c t u r e  a t  n i g h t  o r  on weekends a s  w e l l  a s  any 
unusual seasona l  use  p a t t e r n s .  
Once t h e  above in format ion  is obta ined ,  t h e  
base  b u i l d i n g  f i l e  can be  compiled and t h e  i n i t i a l  
runs executed.  At t h i s  p o i n t  t h e  i n v e s t i g a t i o n  
e n t e r s  a  phase where t h e  u s e r  must p o s s e s s  a  thorough 
understanding of t h e  b u i l d i n g  components a s  w e l l  a s  
a  comprehensive knowledge of  how each of  t h e  i n p u t  
v a r i a b l e s  a f f e c t  t h e  e v e n t u a l  ou tpu t  o f  t h e  pro- 
gram. T h i s  a s p e c t  of t h e  o p e r a t i o n  e s s e n t i a l l y  
involves  comparing t h e  h e a t i n g  and c o o l i n g  l o a d s  of 
t h e  b u i l d i n g  a s  p r o j e c t e d  by EWIT a g a i n s t  t h e  a c t u a l  
energy consumption dur ing  t h e  y e a r  a s  documented by 
t h e  y e a r ' s ' u t i l i t y  records.  S ince  t h e  u t i l i t y  
records  a r e  p resen ted  i n  a  f f n a n c i a l  format ,  t h e  
EWIT load  p r o j e c t i o n s  a r e  most e a s i l y  u t i l i z e d  i f  
they t o o  a r e  p resen ted  i n  an economic b a s i s .  T h i s  
t r a n s i t i o n  from BTUs co d o l l a r s  and c e n t s  i s  accom- 
p l i s h e d  by means of a  VISICALC spreadshee t  t empla te  
s p e c i a l l y  c r e a t e d  f o r  t h e  purpose. 
It i s  hoped t h a t  t h e  EWIT p r o j e c t i o n s  w i l l  
c l o s e l y  r e f l e c t  t h e  a c t u a l  energy performance of t h e  
bu i ld ing  under s tudy  add a f t e r  d i s c u s s i o n  wi th  con- 
s u l t i n g  e n g i n e e r s  and o t h e r  p r a c t i t i o n e r s  of  EWIT, 
a t a r g e t  accuracy of 80-852 was decided a s  b e i n g  a  
r e a l i s t i c  f i g u r e  Lor which t a  s t r i v e ,  y e t  one t h a t  
would prov ide  a  meaningful base  from which t o  evalu-  
a t e  r e t r o - f i t  opt ions.  It is r a r e  t h a t  t h e  i n i t i a l  
EWIT runs  w i l l  ach ieve  t h i s  range of accuracy and 
t h e r e f o r e  a  p r o c e s s  of f i n e  tun ing  o r  "gaming" t h e  
program base  f i l e  must be undertaken. This  i n v o l v e s  
b a s i c a l l y  manipulat ing i n p u t  d a t a  t o  more a c c u r a t e l y  
model a c t u a l  r e a l - l i f e  c o n d i t i o n s  t h a t  govern t h e  
b u i l d i n g .  T h i s  a b i l i t y  t o  game t h e  program r e q u i r e s  
a  c e r t a i n  amount of i n g e n u i t y  and r e s o u r c e f u l n e s s  
which a t  t imes b o r d e r s  on a n  a r t .  However, t h i s  
s k i l l  i n  gaming t h e  input  i s  important  t o  t h e  
success  of  us ing  EWIT i n  r e t r o f i t  e v a l u a t i o n s  a s  
t h e  program must model e x i s t i n g  b u i l d i n g  performance 
wi th  a  reasonable  amount of f i d e l i t y .  
CASE STUDY: DAY CARE CENTER 
The f i r s t  of t h e  two c a s e  s t u d i e s  i s  a  day 
c a r e  c e n t e r  l o c a t e d  i n  m e t r o p o l i t a n  Denver. The 
s t r u c t u r e  is  one s t o r y  i n  h e i g h t  wi th  a  f l o o r  a r e a  
measuring 10.085 sq. f t .  The b u i l d i n g  is r e c t a n -  
g u l a r  i n  c o n f i g u r a t i o n  with very few i n t r i c a c i e s  i n  
terms of design.  Because of  i t s  r e l a t i v e l y  s m a l l  
f l o o r  a r e a  and s t r a i g h t f o r w a r d  des ign ,  t h e  day c a r e  
c e n t e r  w i l l  s e r v e  a s  t h e  main v e h i c l e  i n  demon- 
s t r a t i n g  t h e  p r x e s s  f o r  u t i l i z i n g  EWIT i n  a  
r e t r o f i t  p r o j e c t  f o r  energy conserva t ion .  
Bui ld ing  D e s c r i p t i o n  
B u i l t  i n  1977. t h e  Day Care Center  i s  a  r e l a -  
t i v e l y  new s t r u c t u r e  composed of b r i c k  veneer  on a  
meta l  s t u d  framing system. The roof is  a  t y p i c a l  
b u i l t - u p  bitumen system w i t h  o v e r  4 i n c h e s  of r i g i d  
i n s u l a t i o n  on meta l  decking. A l l  windows a r e  made 
of  s ingle-pane,  s o l a r  bronze g l a z i n g  encased i n  
meta l  sash .  F l o o r s  a r e  covered w i t h  s h o r t  weave 
c a r p e t  excep t  i n  h i g h  t r a f f i c  a r e a s  where v i n y l  t i l e  
is used. U-values of w a l l s  and t h e  roof a r e  .07 and 
.10 r e s p e c t i v e l y .  Heat ing requi rements  a r e  suppl ied  
by a  g a s - f i r e d ,  Eorced a i r  system w h i l e  coo l ing  i s  
suppl ied  by one e v a p o r a t i v e  c h i l l e r  u n i t  w i t h  a  f r e o n  
back-up system, An economizer c y c l e  is used w i t h  a  
55-degree cut-off  temperature.  A Honeywell energy 
management system moni tors  and r e g u l a t e s  t h e  n i g h t  
t ime s t a r t - u p  and s h u t  down of t h e  h e a t i n g / c o o l i n g  
systems. I n  essence ,  t h e  computer moni to rs  t h e  
ou tdoor  temperriture and compares t h i s  t o  i n t e r i o r  
mass t empera tures  where i t  then c a l c u l a t e s  t h e  
optimum s ta r t -~ ip / shu t -down t i m e  of t h e  HVAC system. 
Bui ld ing  Occupimt In format ion  
The c e n t e r  s e r v e s  approximately 150 c h i l d r e n  
d a i l y  dur ing  t h e  workweek from September t o  May and 
i n  t h e  summer months t h e  f i g u r e  d r o p s  down t o  about  
100 c h i l d r e n  d a i l y .  The s t a f f  is composed of  about  
25 a d u l t s  who o v e r s e e  t h e  f a c i l i t y  from 7:30 a.m. 
t o  6:00 p.m. d.aily excep t  on weekends when t h e  Cente r  
is  c l o s e d .  I n  a d d i t i o n ,  t h e  Cente r  is  c l o s e d  dur ing  
t h e  l a t t e r  halE of December through t h e  month of 
January.  
C r e a t i o n  of t h ?  EWIT Bui ld ing  F i l e  
A t  t h i s  p o i n t  s u f f i c i e n t  in format ion  h a s  been 
acqui red  t o  a c t u a l l y  beg in  t h e  execu t ion  of t h e  EWIT 
program. I t  i s  assumed t h a t  t h e  a p p r o p r i a t e  c l i -  
mat ic  d a t a  h a s  been s e n t  t o  Area. I n c .  and t h a t  t h i s  
in format ion  h a s  been conver ted  i n t o  a weather  f i l e  
s p e c i f i c  t o  t h e  l o c a l i t y  and t ime frame p a r t i c u l a r  
t o  t h e  s i t u a t i o n  a t  hand. (Note--in t h e  c a s e  of 
t h i s  r e s e a r c h  e f f o r t .  5 weeks were r e q u i r e d  t o  g a i n  
a c q u i s i t i o n  of t h e  necessary  d a t a ) .  The fo l lowing  
i s  an entry-by-entry l i s t i n g  of t h e  prompts given 
by t h e  program followed by t h e  i n p u t  d a t a  a s  per -  
t a i n s  t o  t h i s  c a s e  s t u d y  b u i l d i n g .  
Entry #I Bui ld ing  l o c a t i o n  ( l a t i t u d e .  longi tude)  
and a l t i t u d e  o f  t h e  s i t e .  
Entry #2 F l o o r  a r e a .  s l a b  f l o o r  p e r i m e t e r ,  and 
l i n e a r  l o s s  c c e f f i c i e n t  of t h e  b u i l d i n g .  
Entry 113 Maximum outdoor  a i r  f low ( v e n t i l a t i o n  
and i n f i l t r a t i - o n )  i n  cfm. 
Ent ry  14 Tk,e c u t o f f  t empera ture  of t h e  economizer 
( i f  a p p l i c a b l e )  
Ent ry  1 5  Cl .assify t h e  i n t e r n a l  mass accord ing  t o  
t h e  following: 
1) c a r p e t  w/ a c o u s t i c a l  c e i l i n g  
2) c a r p e t  w/ exposed mass w a l l s  o r  c e i l i n g s  
3) v i n y l  t i l e  f l o o r  
4)  exposed mass f l o o r  and w a l l s  
Ent ry  16 T o t a l  number of  s u r f a c e s  ( w a l l s  and 
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roof .  a  maximum o f  10 s u r f a c e s )  
Entry 67 Absorp t iv i ty  of t h e  w a l l s  and t h e  roof .  
Entry 88 Area, U-value, and o r i e n t a t i o n  (azimuth) 
f o r  each s u r f a c e  (maximum o f  10 e n t r i e s ) .  
Entry f 9  For each s u r f a c e  of g l a z i n g  I i s t e d  
above, g i v e  t h e  g l a s s  h e i g h t ,  i n t e r n a l  shading co- 
e f f i c i e n t ,  and t h e  l e n g t h  of  any overhang. 
Entry 810 Maximum s e n s i b l e  occupant  load. l i g h t -  
ing  load ,  and equipment load  (BTUIhr). 
Entry 111 The f r a c t i o n  o f  maximum f o r  t h e  above 
loads  i n  each of t h e  fo l lowing  t ime b locks :  1:OO- 
8:OO. 9:OO-17:00, 18:OO-24:OO. 
Entry f12 The f r a c t i o n  of maximum outdoor a i r f l o w  
i n  each of t h e  above t i m e  b locks .  
Entry 113 The minimum temperature f o r  each of  
t h e  t ime blocks.  
Entry 114 The maximum tempera ture  f o r  each of  
t h e  t i m e  blocks.  
Entry 115 The o v e r a l l  e f f i c i e n c y  o f  t h e  h e a t i n g  
system. 
Entry 116 The o v e r a l l  c o o l i n g  system COP. 
Once t h e  above in format ion  h a s  been i n p u t  i n t o  
t h e  program then  t h e  c a l c u l a t e  phase of  t h e  program 
can be executed e i t h e r  on a  month-to-month or 
seasona l  b a s i s .  When t h e  i n i t i a l  o u t p u t  is re -  
ceived from t h e  computer then t h e  main t a s k  of  
comparing t h e  p r o j e c t e d  l o a d s  from EWIT a g a i n s t  t h e  
a c t u a l  u t i l i t y  r e c o r d s  o f  t h e  b u i l d i n g  can  commence. 
The VISICALC conversion templa te  performs t h e  t a s k  
of conver t ing  EWIT load ou tpu t  (BTU-Sq. Ft . )  i n t o  
d o l l a r s l s q .  f t .  which c a n  then  be  r e a d i l y  compared 
a g a i n s t  monthly u t i l i t y  c o s t s .  
ANALYZING EWIT OUTPUP AND 
MODIFICATION OF INPUT VARIABLES 
Once t h e  i n i t i a l  EWIT readout  i s  achieved 
then one can begin t h e  i n v e s t i g a t i v e  p r o c e s s  t o  
l o c a t e  any input  v a r i a b l e  t h a t  may be i n  e r r o r .  
The hea t ing  l o a d s  should b e  checked a g a i n s t  g a s  
meter read ings  whi le  p r o j e c t e d  c o o l i n g  l o a d s  should 
r e f l e c t  t h e  e l e c t r i c a l  (kwh) read ings .  I n  t h e  c a s e  
of t h e  Day Care Cente r ,  t h e  f i r s t  EWIT run i n d i -  
c a t e d  a  much h i g h e r  h e a t i n g  load then was shown i n  
t h e  u t i l i t y  r e c o r d s .  P a r t i a l  cause  f o r  t h i s  d i f -  
fe rence  was a  f a i l u r e  t o  remember t h a t  EWIT's pro- 
j e c t e d  h e a t i n g  l o a d s  need t o  be  modif ied by d i v i d i n g  
through by t h e  e f f i c i e n c y  r a t i n g  of  t h e  h e a t i n g  
system, This  i s  due t o  t h e  f a c t  t h a t  i n i t i a l l y  more 
energy is r e q u i r e d  i n  t h e  system than i s  genera ted  
from i t  i n  terms of h e a t .  Therefore  t o  d e r i v e  t h e  
a c t u a l  h e a t i n g  load  t h a t  was needed. t h e  u t i l i t y  
record  should be  reduced by 25%. T h i s  adjustment  
a l o n e  w i l l  u s u a l l y  make a s i g n i f i c a n t  change i n  t h e  
f i g u r e  and b r i n g  t h e  p r o j e c t e d  load  more i n  range 
w i t h  t h e  a c t u a l  recorded energy used by t h e  b u i l d i n g ,  
Desp i te  t h e  above ad jus tment ,  t h e  p r o j e c t e d  
. t h e  a c t u a l  l o a d s  were s t i l l  o u t s i d e  t h e  accep t -  
Le 15-20% e r r o r  range  wi th  EWIT'S l o a d s  on t h e  
zh s i d e .  Var iab les  which could c o n t r i b u t e  t o  t h e  
ro r  were occupant use ,  l i g h t i n g  l e v e l s  (wat t s l sq .  
i t . ) ,  v e n t i l a t i o n  l e v e l s  (cfm), thermos ta t  s e t t i n g s .  
and U-values of w a l l s  and r o o f ;  a l l  of  which had 
t o  be  c a r e f u l l y  examined f o r  p o s s i b l e  e r r o r s .  I n  
t h i s  c a s e  i t  waedetermined t h a t  t h e  amount o f  w a t t s /  
eq .  f t .  had been m i s c a l c u l a t e d  from t h e  l i g h t i n g  
p l a n  and t h e  p l a n t  e n g i n e e r  i n  charge  of  main ta in ing  
t h e  c e n t e r  confirmed t h a t  t h e  cfm f i g u r e  f o r  v e n t i l a -  
t i o n  was t o o  h igh  a s  o r i g i n a l l y  e n t e r e d  i n  t h e  b u i l d -  
i n g  f i l e .  The r e s u l t  of  t h e s e  changes was t h a t  
h i g h e r  l i g h t i n g  l e v e l s  produced more h e a t  and t h a t  
lower cfm l e v e l s  meant l e s s  c o l d  e x t e r i o r  a i r  t o  be  
hea ted .  The n e t  e f f e c t  was a  lower h e a t i n g  l o a d  
p r o j e c t e d  by EWIT t h a t  f e l l  t o  w i t h i n  15% of t h a t  
logged d u r i n g  t h e  b u i l d i n g  f o r  1983. 
E s t a b l i s h i n g  t h e  accuracy  o f  EWIT's coo l ing  
load  p r o j e c t i o n s  proved t o  be a  much more d i f f i c u l t  
t a s k  a 8  compared t o  t h a t  o f  e s t a b l i s h i n g  c o r r e c t  
h e a t i n g  loads.  T h i s  is  due  t o  t h e  f a c t  t h a t  t h e r e  
a r e  a p p l i a n c e  l o a d s  i n  a d d i t i o n  t o  t h e  c h i l l e r  
o p e r a t i o n  which a c t  t o  h i n d e r  t h e  o v e r a l l  e l e c t r i c a l  
u t i l i t y  r e c o r d s  from r e v e a l i n g  t h e  c o o l i n g  load .  
It was determined t h a t  a t  b e s t  a  c o r r e l a t i o n  would 
have t o  be  e s t a b l i s h e d  between peak c o o l i n g  l o a d s  
shown by EWIT and t h e  Kwh recorded i n  t h e  u t i l i t y  
r e c o r d s  d u r i n g  warm months of t h e  y e a r .  
I n  r e g a r d s  t o  EWIT accuracy.  i t  is v i t a l  t o  
remember t h a t  commercial b u i l d i n g s  d o n ' t ,  i n  most 
c a s e s ,  main ta in  a  seven day work week. Therefore  a  
s p e c i a l  "weekend" run of t h e  program must be per -  
formed t h a t  r e f l e c t s  t h e  reduced number o f  occupants ,  
l i g h t i n g  l e v e l ,  v e n t i l a t i o n  l e v e l ,  a p p l i a n c e  l o a d s .  
and o t h e r  cu tbacks  i n  b u i l d i n g  u s e  t h a t  occur  on 
weekends. The l o a d s  t h a t  a r e  produced by t h i s  
s p e c i a l  r u n  must then  be  m u l t i p l i e d  by 217 and 
t h e n  added o r  " sp l iced"  t o g e t h e r  w i t h  517's of t h e  
u s u a l  l o a d  f i g u r e  t o  g i v e  a  f i n a l  " t rue"  seven day 
week f i g u r e .  I n  a d d i t i o n ,  peak demand w i l l  occur  
almost  a lways d u r i n g  t h e  work week and s o  a  s e p a r a t e  
weekend c a l c u l a t i o n  a l s o  h e l p s  t o  b reak  o u t  t h i s  
impor tan t  aspec t .  The weekday/weekend e n t r y  on t h e  
i n p u t  s h e e t  of EWIT a l l o w s  t h i s  s p e c i a l  opera-  
t ion .  
Table 1 lists t h e  VISICALC o u t p u t  d a t a  f o r  a  
t y p i c a l  run  f o r  t h e  d a y  c a r e  c e n t e r .  The h e a t i n g ,  
c o o l i n g ,  l i g h t i n g ,  and equipment l o a d s  a r e  a l l  t r a n s -  
l a t e d  i n t o  annua l  c o s t s  per  square  f o o t .  The t o t a l  
c o s t  e s t i m a t e  i s  $1 .O6/sq. f t .  / y e a r ,  w i t h  l i g h t i n g  
account ing  f o r  n e a r l y  40% {$. 422 Isq. f t .  /year )  o f  t h e  
t o t a l .  Heat ing c o s t s  were s l i g h t l y  h igher  than  c o o l i n g  
c o s t s  f o r  t h i s  b u i l d i n g  l o c a t e d  i n  Denver. The EWIT 
program can i d e n t i f y  t h o s e  end uses  which a r e  most 
s i g n i f i c a n t ,  and r e t r o f i t  o p t i o n s  can  t h e n  be  t e s t e d  t o  
de te rmine  t h o s e  most c o s t  e f f e c t i v e .  
RETROFIT EVALUATION 
The f i n a l  s t e p  i n  t h e  p r o c e s s  i n v o l v e s  t h e  
a c t u a l  modeling of  r e t r o f i t  o p t i o n s  i n  t h e  s tudy  
b u i l d i n g  by means of  EWIT. There a r e  d i f f e r e n t  
methods by which t o  "game" t h e  e f f e c t s  of a  r e t r o -  
f i t  d e v i c e  i n t o  t h e  program depending on t h e  b u i l d -  
i n g  and n a t u r e  of t h e  o p t i o n  b e i n g  cons idered .  I n  
most c a s e s ,  however, t h e  b u i l d i n g  envelope w i l l  no t  
be  a l t e r e d  b u t  u s u a l l y  a  s imple  add-on f e a t u r e  w i l l  
be admin is te red  t o  t h e  s t r u c t u r e  wi thout  a  l a r g e  
c a p i t a l  o u t l a y .  
I n  beg inn ing  t h e  e v a l u a t i o n  phase t h e  u s e r  
w i l l  f i n d  t h e  p l o t s  i n  EWIT t o  be  an i n v a l u a b l e  a i d  
i n  de te rmin ing  which a s p e c t s  of  t h e  s t r u c t u r e  would 
prove most e f f e c t i v e  i n  placement of r e t r o - f i t  de- 
v i c e s .  I n  t h e  c a s e  of t h e  Day Care C e n t e r ,  t h e  
s t r u c t u r e  and use  of  t h e  f a c i l i t y  s t r o n g l y  suggested 
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-dominated s i t u a t i o n .  T h e r e f o r e  f o u r  p l o t s  
r e a t e d  t h a t  examined f a c t o r s  o f t e n  found i n -  
n t a l  t o  skin-dominated s i t u a t i o n s :  amount of  
a i n / l o s s  t o  a i r ,  t o t a l  amount o f  h e a t  l o s s  
b l e  (determined by t h e  "deadband"), t h e  con- 
n  load.  t h e  t r a n s m i s s i o n  l o s s  of  h e a t  through 
and t h e  a u x i l i a r y  l o a d i n g  r e q u i r e d  by t h e  
ng t o  remain i n  t h e  comfort  zone. Of p a r t i -  
n o t e  is t h e  p l o t  showing "a l lowable  h e a t  l o s s -  
b l e  h e a t  g a i n - a u x i l i a r y  h e a t  r equ i red . "  T h i s  
s t a b l i s h e s  t h e  "dead-band" mentioned above and 
immediate ly  t h e  need f o r  a d d i t i o n a l  h e a t i n g  o r  
g  w i t h i n  t h e  s t r u c t u r e  (dep ic ted  by c r o s s -  
d  a r e a ) .  These r e s u l t i n g  p l o t s  v e r i f i e d  t h e  
i v e  judgement t h a t  conduc t ion  through w a l l s .  
o  a  l e s s e r  e x t e n t ,  h e a t  l o s s  through g l a s s  
ndeed r e s p o n s i b l e  f o r  a  f a i r  s h a r e  of t h e  
OSS. 
To remedy a  c o n d i t i o n  of  t h i s  n a t u r e ,  i t  i s  
u s u a l  t o  s imply  t r y  and f i x  t h e  windows w i t h  
ype of i n s u l a t i n g  dev ice .  One such s o l u t i o n  
i n s u l a t i n g  shade known a s  t h e  "Window Com- 
"; an i n s u l a t e d  f a b r i c  shade t h a t  mounts 
y i n t o  t h e  e x i s t i n g  window and d e l i v e r s  up t o  
i n s u l a t i o n .  T h i s  type  of d e v i c e  is  e a s i l y  
,d on EWIT by s imply changing t h e  g l a z i n g  type  
I t h e  b u i l d i n g  f i l e .  i n  t h i s  c a s e  a t y p e  10, 
, - i n t o u t s  and p l o t s  on t h e  f o l l o w i n g  pages  show 
t h e  r e s u l t s  o f  t h e  a d d i t i o n  o f  t h e  "Window Com- 
f o r t e r "  t o  t h e  windows of t h e  Cen te r .  EWIT pro- 
j e c t e d  a  s a v i n g s  of approx imate ly  8Z.Jyr. o r  abou t  
$700 a n n u a l l y  by us ing  t h e  "Window Comforter." 
Tab le  2  lists t h e  r e s u l t s  o f  t h e  c o s t  e s t i m a t e s  
us ing  t h e  window comfor te r  a s  a  r e t r o f i t  o p t i o n .  The 
annua l  energy  c o s t  p e r  s q u a r e  f o o t  has  been reduced 
from $1.06 (Table 1) t o  $0.97. The i n s t a l l a t i o n  o f  
t h e  window i n s u l a t i o n  had t h e  g r e a t e s t  e f f e c t  on t h e  
h e a t i n g  c o s t s ,  r e d u c i n g  t h i s  i t e m  t o  approx imate ly  
$0.22/sq. f t .  /year .  The window comfor te r  i n s t a l l a t  i o n  
c o s t  would be  approx imate ly  $10.000, which would 
r e s u l t  i n  a  s imple  payback o f  about  14 y e a r s .  T h i s  
p a r t i c u l a r  r e t r o f i t  i s  n o t  v e r y  c o s t  e f f e c t i v e ,  b u t  
is  shown a s  an example o f  t h e  a n a l y s i s  c a p a b i l i t y  of  
t h e  EWIT program. Other  r e t r o f i t  o p t i o n s  such  as more 
e f f i c i e n t  l i g h t i n g  o r  h i g h  e f f i c i e n c y  a i r  c o n d i t i o n e r s  
could be  ana lyzed  i n  a  s i m i l a r  f a s h i o n .  
CASE STUDY NO. 2: HI-RISE OFFICE BUILDING 
A s  was s t a t e d  i n i t i a l l y  i n  t h e  paper ,  t h e  
l i m i t a t i o n  of space  p r o h i b i t s  t h e  d e t a i l e d  r e p o r t -  
i n g  of  r e s u l t s  f o r  t h e  second c a s e  s t u d y ,  t h e  h i -  
r i s e  o f f i c e  b u i l d i n g .  However, a  b r i e f  d i s c u s s i o n  
fo l lows  r e g a r d i n g  t h e  f i n d i n g s  f o r  t h a t  a s p e c t  of  
t h e  r e s e a r c h  e f f o r t .  
The second c a s e  s t u d y  is  a  l a r g e  h i - r i s e  o f f i c e  
b u i l d i n g  l o c a t e d  w i t h i n  t h e  c e n t r a l  b u s i n e s s  c o r e  of 
Denver. The b u i l d i n g  c o n t a i n s  approx imate ly  900,000 
sq. f t .  of f l o o r  a r e a  and houses  one o f  Denver 's  
l a r g e s t  banks a s  w e l l  a s  p r o v i d i n g  16 s t o r i e s  of 
o f f i c e  s p a c e  i n  downtown Denver. The b u i l d i n g  i s  
a c t u a l l y  t h r e e  i n t e r - c o n n e c t i n g  "towers" t h a t  form 
a  complex t h a t  c o v e r s  a  s q u a r e  c i t y  b lock .  T h i s  
non-uniform c o n f i g u r a t i o n  and t h e  v a s t  amount of  
f l o o r  a r e a  i n  t h e  b u i l d i n g  l e d  t o  a  d i f f e r e n t  
approach i n  a n a l y z i n g  t h e  s t r u c t u r e  w i t h  EWIT. Be- 
c a u s e  t h e  b u i l d i n g  is  composed of t h r e e  s m a l l e r  
"sub-bui ldings ,"  i t  was dec ided  t o  t r e a t  e a c h  oE 
t h e  component s t r u c t u r e s  a s  i n d i v i d u a l  b u i l d i n g s  and 
t h e n  add t h e  r e s u l t s  of  t h e  t h r e e  r u n s  t o  produce 
composite a n a l y s i s  o f  t h e  o v e r a l l  b u i l d i n g .  
At t h i s  p o i n t  i t  must b e  p o i n t e d  o u t  t h a t  t h e  
accuracy  a c h i e ~ e d  i n  t h e  f i r s t  c a s e  s t u d y  w i l l  n o t  
b e  r e a l i s t i c  PI a  b u i l d i n g  o f  t h i s  magnitude. I n  a  
b u i l d i n g  c o n t a i n i n g  a lmos t  a  m i l l i o n  s q u a r e  f e e t  of  
f l o o r  a r e a  t h e  i n t e r p l a y  of  the rmal  g a i n  and l o s s  i s  
h i g h l y  complex and even mainframe programs would 
r e q u i r e  many r u n s  and a  g r e a t  d e a l  o f  t ime  t o  pro- 
duce a d e t a i l e d  s i m u l a t i o n  f o r  such a  l a r g e  s c a l e  
problem. While EWIT canno t  b e  expec ted  t o  do what 
a  mainframe c a n n o t ,  i t  can  g i v e  i n v e s t i g a t o r s  and 
a n a l y s t s  v a l u a b l e  d a t a  concern ing  b u i l d i n g  perform- 
a n c e  f o r  r e t r o f i t  o p t i o n s .  T h e r e  a r e  s e v e r a l  d a t a  
i n p u t  problems t h a t  a r e  un ique  t o  l a r g e  b u i l d i n g s  
which were no t  encoun te red  i n  t h e  f i r s t  c a s e  
s t u d y .  For example, t h e  h i - r i s e  c a s e  s t u d y  in -  
volved s e v e r a l  g roups  o f  u s e r s  who u t i l i z e d  t h e  
b u i l d i n g  d u r i r g  d i f f e r e n t  t i m e  s c h e d u l e s  and 
r e q u i r e d  d i f f e r e n t  energy  demands. The HVAC system 
o f  t h i s  b u i l d i n g  d i f f e r e d  g r e a t l y  from t h e  day c a r e  
c e n t e r  a s  it i.nvolved a  m u l t i p l e  u n i t  c h i l l e r  t h a t  
o p e r a t e d  a t  v a r i a b l e  c a p a c i t y  d u r i n g  t h e  d i f f e r e n t  
s e a s o n s  of  t h e  y e a r .  These a r e  o n l y  a  c o u p l e  of  
t h e  s p e c i a l  problems t h a t  r e q u i r e  y e t  more "gaming" 
t e c h n i q u e s  t h i ~ t  w i l l ,  once  a g a i n .  a d j u s t  t h e  i n p u t  
t o  g i v e  an a c c u r a t e  p i c t u r e  o f  t h e  a c t u a l  b u i l d i n g  
performance.  
While EWTT was n o t  a b l e  t o  a c h i e v e  t h e  s imula-  
t i o n  accuracy  a s  i n  t h e  c a s e  o f  t h e  day c a r e  c e n t e r .  
i t  d i d  p rove  :o b e  a n  o u t s t a n d i n g  a i d  i n  de te rmin ing  
t h e  i m p l i c a t i o n s  o f  major  i n f l u e n c e s  t o  t h e  b u i l d -  
i n g .  For  example. b u i l d i n g s  l o c a t e d  w i t h i n  down- 
town c o r e s  o f  l a r g e  c i t i e s  a r e  i n f l u e n c e d  by t h e  
shadows from ne ighbor ing  t a l l  s t r u c t u r e s .  EWIT 
can  s i m u l a t e  t h i s  "shadow c o n d i t i o n "  by chang ing  
t h e  i n t e r n a l  shad ing  c o e f f i c i e n t  ( e n t r y  19) f o r  a 
p a r t i c u l a r  e l e v a t i o n  t o  s i m u l a t e  t h e  l a c k  of  r a d i a -  
t i o n  t h a t  e n t e r s  t h e  i n t e r i o r  of  t h e  b u i l d i n g  under  
s t u d y .  
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' ******* 
'QLOIU)S* 
:.******* 
EQUIPT. 
COOLING 
LIGHTING 
END LJSE 
*$.************* ***************** *********** 
WEEKDAY WEEKEND *UTILITY RATES* *MECHANICAL DATA* *PEAK DATA* 
*************** ***************** *********** 
1 1 1 2  0 CONSUMPT. , 0 2 0 6  C . O . P .  2 EQUIP. .339 
5 2 2 0 '  1930 DENAND 9 . 5 2  EFFIC. .75  COOL. 1 6 . 2 8 7  
30380 3 7 3 9  GAS 
-
.35065 GAS EFF. LIGHT. 8 . 5  
650 1 B 4 7 9 6 5  
(DAY CARE CENTER, RUN 13) HEAT. 
ANNUAL UTILITY COSTS ESTIMATE 
-CONSUIPTION- DEMAND 
ELECT ELECT GAS GAS TOTAL TOTAL ELECT. ELECT. TOTRL 
I i n T  WATER 
COOLING 2.14413b -0129415 Z.1441f6 -0129415 .030b323 .2725794 .2858208 
L I G U T I N G  22.78431 -1375207 22.784171 .1375205 . OFi'8857 .2845122 ,4226326 
Table I .  Day Care Center Cost Estimate-EWIT Program 
******** 
.IILOAnS* 
******** 
EQUIPT.  
*****+***+* 
*PEAK DATA* 
**u+**t+**+ 
EOUIP.  .339 
------ 
COOL. 17.508 
------ 
L I G H T .  8.537 
------ 
HEAT. 29 
------ 
-CONSUMPTION- DEMAND 
END USE ELECT ELECT GAS GAS TOTAL TOTAL ELEC:T. ELECT. TOTClL 
EDUIPT.  .7942857 .004794 1 .7942857 ,0047941 ,0011919 .0113470 .Ulbl411 
0 0 0 - - HOT WATER 0 
C O M I N G  1.97&541 -0179656 2.936541 ,0179bSb ,0507788 .2930141 .S109797 
HEAT l NG 51.97305 .'I69565 51.97305 .2169565 
.2 1 b9Sb5 
.................... 
TOT6L 2h.55514 0.1&51.97305 0.Z!278.52018 0.313-0619865 0.59 +0.97 
Table 2 .  D a y  Care Center Cost Estimates Using the 
Window Comforter Retrofit Option. 
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